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Introduction

The association between skin-fold
thicknesses in children and adolescents
and elevated levels of variables consid-
ered to be indicative of risk for cardiovas-
cular disease (CVD) in adults has been
found by several investigators.'-5 In pop-
ulation-based studies of children and ad-
olescents, for example, excess subcutane-
ous fatness has been associated with
elevated blood pressure (BP),' 2,6 serum
lipids, and lipoprotein fractions,2-4 and the
clustering of these variables.5 Although
the results of these studies demonstrate
that elevated levels of CVD risk factors
often accompany excess body fat in
youth, the absolute level of body fat cor-
responding to significant risk for high BP,
serum lipids, low-density lipoprotein
(LDL) and very low-density lipoprotein
(VLDL) cholesterols is not known.

Although children and youth with tri-
ceps skinfolds 2 the 85'h percentile for age
and sex are at greater risk for high BP than
children with lower skinfold thicknesses,1
such a rank-ordered definition of obesity
implies that the absolute level of body fat-
ness associated with increased risk is vari-
able. Recent work has shown that the 85th
percentile may not be indicative of obesity
in all samples, because skinfold thick-
nesses at a given percentile correspond to
different levels of body fat at different ag-
es.7,8 The 85th skinfold percentile, for ex-
ample, represents fatness levels ranging
from 17% to 22% in children and from 25%
to 34% in adolescents.8

In addition to the discrepancy be-
tween relative and absolute definitions of
obesity, the triceps skinfold site has been
shown to be unrelated to BP in youth
when statistical adjustments were made

for subscapular skinfold thickness.9
Moreover, a trunkal fat pattern, indepen-
dent of general body fatness, is related to
high levels ofLDL and VLDL and to low
levels of high-density lipoprotein (HDL)
cholesterol in 6- to 18-year-old youth.'0
The independent effects of centripetal lo-
calization of subcutaneous fat on BP9-1"
and adverse lipoprotein profiles"' make it
important to control the potential con-
founding effect of fat patterning when the
relation between total body fat and CVD
risk factors in youth is evaluated.

The purpose of the present study was
to determine the level of body fatness, in-
dependent of fat patterning, associated
with significant risk for elevated BP, total
cholesterol, and serum lipoprotein ratios
in a biracial sample of children and ado-
lescents aged 5 to 18 years. The aim was
to develop cardiovascular health-related
percent body fat standards that may be
applied to epidemiologic investigations of
the prevalence and incidence of obesity in
children and adolescents, pediatric health
screenings, and national youth fitness
tests. 12,13
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Methods
Study Sample

The sample included 1667 males
(1062 White, 605 Black) and 1653 females
(1028 White, 625 Black) aged 5 to 18years.
All subjects were residents of Ward 4,
Washington Parish, La, and were partic-
ipants in the Bogalusa Heart Study. The
data were collected in the years 1983
through 1985. An extensive review of the
demographic characteristics of this bira-
cial community, as well as the overall de-
sign of this large, population-based inves-
tigation of children and youth, has been
published elsewhere.14 The Louisiana
State University Medical Center reviews
experiments related to human subjects.
Written informed consent was obtained
from a parent or guardian of each child.

Procedures
Total body fat and fat distribution.

Total body and regional fatness were es-
timated from limb (triceps) and trunk (sub-
scapular) skinfold thicknesses. Lange cal-
ipers were used to measure triceps and
subscapular skinfolds to the nearest 1.0
mm. Skinfold measurement technique and
site location have been described previ-
ously.14,15 The reliability of these mea-
surements, assessed by test-retest intrac-
lass correlations, was of equal magnitude
(r = 0.98) for both sites.16

Body density (Db)was estimated from
age and the sum of triceps and subscapular
skinfolds (STSS) and was subsequently
used to derive total percent body fat. The
STSS-to-Db conversionwasbased on race-
and gender-specific regression equations
that were derived from the pooled skinfold
and body density data from several sam-
ples ofWhite and Blackyouth measured in
different laboratories (Appendix).l7-2 We
then used a modification of the density-to-
percent-fat conversion constants reported
by Lohman2t to convert Db to percent
body fat (Table 1, Eqs. 1 and 2). These
youth-specific constants adjust for growth-
and maturation-related differences in fat-
free body density (DFFB) at different ages
and prevent the systematic overestimation
ofbody fatwhen adult density-to-percent-
fat equations are applied to chemically im-
mature children and youth.22 The present
combination of equations was chosen over
other multicomponent-based equations for
youth that convert STSS directly to per-
cent fat23 because the multilaboratory
equations used herein may be more gener-
alizable.

To determine the critical level of
body fat associated with elevated CVD
risk factor variables, the males and fe-
maleswere subsequently groupedby level
ofpercent fat. Maleswere divided into the
following five fatness groups: <10%
(n = 217), 10% to 14.9% (n = 575), 15%
to 19.9% (n = 436), 20% to 24.9%
(n = 192), and >25% (n = 247). Females
were grouped by body fat as follows:
<20% (n = 547), 20% to 24.9% (n = 493),
25% to 29.9% (n = 313), 30% to 34.9%
(n = 192), and .35% (n = 108).

An index of trunk-to-limb fat distri-
bution was computed as the natural loga-
rithm of the subscapular/triceps skinfold
thickness ratio.2- Because absolute stan-
dards for children and youth do not exist
for this index of fat patterning, age-, sex-
and race-specific percentiles for the pre-
sent sample were developed. Fat-pattern-
ing quintile, used as a covariate of percent
fat in this report, refers to the contrast of
youth in the uppermost quintile for logn
(subscapular/triceps) with those in the
lower four quintiles. This contrast was
used in the analysis to control for the po-
tential confounding effect of trunkal fat-
ness in assessing the relation of total body
fat with BP9 and serum lipoproteins.10

CVD risk factor vanables. The pro-
tocol, standardization, and training of ob-
servers used to measure BP14 and the
blood collections required to assess serum
total cholesterol and lipoprotein levels3
have previously been outlined in detail.
Seated, resting BP measures on the right
arm were made in triplicate with a mer-
cury sphygmomanometer by trained

nurses; the mean of six readings at the first
(systolic) and fourth (diastolic) Korotkoff
soundswas used in the data analysis. In an
earlier Bogalusa Heart Study survey, re-
liability coefficients ranged from r = .84
tor = .86 for systolic BP and from r = .76
to r = .78 for diastolic BP.16

Serum total cholesterol and lipopro-
teins were measured at Louisiana State
University Core Lipid Laboratory, New
Orleans, La, which has been standardized
by the Centers for Disease Control in At-
lanta, Ga. Laboratory measurement qual-
ity is routinely monitored by a surveil-
lance program. Serum total cholesterol
concentration was measured with an Au-
toAnalyzer II, according to the recom-
mendations of the Lipid Research Clin-
ics.25 A combination of heparin-calcium
precipitation and agar-agarose gel electro-
phoresis2- was used to determine the lev-
els of lipoprotein cholesterol fractions
(VLDL-C, LDL-C, and HDL-C). Reli-
ability coefficients (intraclass correlations)
ranging from r = .89 to r = .97 were re-
ported earlier for these variables.16

For the purpose of this report, ele-
vated BP, total cholesterol, and lipopro-
tein cholesterols were individually defined
as levels in the uppermost quintile of the
age-, race-, and sex-specific distnbutions
for systolic BP, diastolic BP, total choles-
terol, the LDL-C/HDL-C ratio, and the
ratio ofVLDL-C + LDL-CAHDL-C. The
uppermost quintile was chosen to define
elevated CVD risk factor variables be-
cause an earlier study27 demonstrated this
cutoff point to be a more sensitive indica-
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tor of future high BP than was the more
stringent 95th percentile.

Data analysis. A chi-square test was
used to determine whether the percent-
ages of subjects in the fifth quintile for BP,
total cholesterol, and lipoprotein ratios
were significantly different than those ex-
pected by chance alone (20%) at each level
of body fatness in both sexes. Logistic re-
gression analysis28 was used to estimate
the relative odds for elevated BP, total
cholesterol, and lipoprotein ratios be-
tween contrasting percent fat groups of
interest, while holding potential con-
founders constant. Presence or absence of
elevated BP, total cholesterol, and lipo-
protein ratios were the dependent vari-
ables in the logistic regression analyses.
The independent variables included sev-
eral percent fat group contrasts; a contrast
for fat-patterning quintile; race; age; and,
for the total cholesterol and lipoprotein ra-
tio analyses, fasting status. The risk for
membership in the uppermost quintile for
the cardiovascular variables was defined
as 1.00 in the lowest percent fat group.
The odds of uppermost quintile member-
ship were thus determined for each of the
upper four percent fat groups relative to
the leanest group within each gender.

Results
The unadjusted bivariate relation-

ships between body fat and CVD risk fac-
tor variables is shown in Table 1. A dose-
response effect was observed between BP

and percent body fat; in contrast, total
cholesterol and the lipoprotein ratios were
relatively independent of percent body fat
among the lower four fatness groups in
males and the lower three fatness groups
in females (Table 2). The percentage of
subjects in the uppermost quintile for all
CVD risk factor variables was signifi-
cantly (P < .05) greater than that ex-
pected by chance alone (20%) in males
with .25% fat and in females with .30%
fat. The .35% fat group of females dis-
played even greater overrepresentation
(31.0% to 45.4% vs 26.6% to 33.2%) in the
uppermost quintile than did the 30% to
34.9% fat group of females.

Multivariate-based estimates of the
relative odds for elevated BP, total cho-
lesterol, and lipoprotein ratios, adjusted
for potential confounding variables at in-
creasing levels of percent body fat, are
presented in Figure 1 for males and Figure
2 for females. After accounting for poten-
tial confounding by age, race, trunkal fat
patterning, and fasting status, males with
body fat 225.0% were 2.8 (1.7-4.8) to 7.0
(3.6-13.6) times as likely as those in the
leanest group (< 10% fat) to have elevated
systolic BP, diastolic BP, LDL-CIHDL-C
ratios, and VLDL-C + LDL-C/HDL ra-
tios (Figure 1). In females, the 30% to
34.9% fat group was 2.7 (1.64.5) to 3.8
(2.3-6.1) times more likely than the lean-
est group (<20% fat) to be in the upper-
most quintile for these CVD risk factor
variables; the likelihood for elevated BP
and lipoprotein ratios in the female

235.0% fat group ranged from 3.3 (1.8-
5.9) to 4.9 (2.8-8.7) (Figure 2).

Biscussion
This study is unique because critical

levels of body fat, as opposed to skinfold
thickness percentile, that correspond to
significant risk for elevated BP and lipo-
protein ratios were determined and found
to be independent of trunkal fat patterning
in a biracial sample of children and youth.
Inherent in previous normative value-de-
rived definitions of childhood obesity' is
the considerable age-related variation in
body fatness at a constant percentile for
skinfold thickness.7,8 This concept is sup-
ported by the finding that the 85th percen-
tile for the STSS in the present sample of
children and adolescents represents body
fatness values ranging from 14.8% to
34.3% fat in males and from 21.9% to
37.7% fat in females. Moreover, the find-
ing that critical levels ofbody fatnesswere
related to elevated levels of CVD risk fac-
tor variables independent of trunkal fat
patterning is particularly relevant in light
of recent studies5s10'29 establishing the link
between trunk fatness and high levels of
BP, serum lipoprotein fractions, and se-
rum insulin in children and adolescents.
The independent relationships of CVD
risk factors with percent body fat in chil-
dren and adolescents and with trunkal fat
patterning in adolescents30 suggest that
measurement of both total and regional
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fatness may be informative, especially for
adolescent health screenings.

The magnitude and statistical signif-
icance of the odds for uppermost quintile
membership at increasing levels of body
fat, relative to the leanest group, were
somewhat greater for the BP variables
than for the lipoprotein variables (Figures
1 and 2). This difference in adjusted odds
ratios between the BP variables and lipo-
protein ratio variables may best be ex-
plained by differences in uppermost quin-
tile membership rates within the leanest
reference groups (<10% fat, males; <20%
fat, females). In males, for example, for
whom the difference in odds ratios be-
tween the BP variables and lipoprotein ra-
tio variables at each level of body fat was
most evident, the reference body-fat
group was significantly protected against
elevated BP but not against elevated lipo-
protein ratios (Table 2). The trend ob-
served in males-for the lowest risk for
elevated lipoprotein ratios to occur in the
10% to 14.9% fat group-somewhat par-
allels the trend for higher mortality rates in
the lowest-weight-for-height group than in
the middle-weight-for-height group ob-
served in adult participants of the
Framingham Study.3' However, none of
the middle percent-fat groups was signif-
icantly more protected against elevated
total cholesterol or lipoprotein ratios than
was the leanest group (Figure 1).

In an analysis ofnational survey data,
6- to 11-year-old children with triceps skin-
fold thicknesses at or above the 85t per-
centile were found to be 2.6 and 1.6 times
as likely as their leaner peers to have ele-
vated systolic BP and diastolic BP, respec-
tively.1 Similarly, in 12- to 17-year-old
youth, the risks for elevated systolic BP
and diastolic BP were 4.3 and 6.1 times
higher, respectively in youth having skin-
fold thicknesses equal to or exceeding the
85th percentile. Although the odds ratio es-
timates from the present study compare
reasonably well with those reported previ-
ously for adolescents, they are somewhat
higher than those reported for children.'

Several differences between the pre-
sent study and the national survey analy-
sis may account for the discrepancies in
the reported relationships between body
fatness and elevated BP. The 85th percen-
tile for triceps skinfold thickness was used
as an index of body fat in the previous
study,' whereas in the present study, per-
cent body fat was estimated from the
STSS. Also, the previous study' refer-
enced youth of both sexes with skinfold
thicknesses equal to or exceeding the 85t
percentile against those with skinfold

thicknesses below the 85th percentile;
however, in the present study, we con-

trasted four separate gender-specific per-
cent fat groups at 5% intervals against the
leanest males (<10% fat) and females
(<20% fat), as appropriate. In addition,
elevated BPwas definedwith a more strin-
gent cutoff point (295th percentile) in the
previous study' than was used in this
study (280th percentile). Finally, in the
present study, potential confounding by
fat patterning was statistically controlled

by using a contrast for the quintile level of
log. (subscapular/triceps); seasonality,
but not fat pattern, was controlled in the
previous investigation.'

Because a relative index of body fat-
ness corresponding to the 85th percentile
for triceps skinfold thickness was used in
the earlier study,' it is not surprising that
substantially lower estimates of risk were
observed in the younger children than in
the adolescents. In the present study, for

example, the STSS corresponding to the
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FIGURE 1-Adjusted estiffmates of relative odds for eevated total cholesterol, serum

lipoprotein ratios, and blood pressure In males (*95% Cl does not Include
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FIGURE 2-Adjusted estimates of relative odds for elevated total cholesterol, serum
llpoproteln raios, and blood pressure In femaies (*95% Cl does not Include
1.00). Abbreviations are the same as In Table 2.
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85th percentile results in percent-fat esti-
mates of 14.8% in a 6-year-old Black male
and 34.3% in a 12-year-old Black male.
This age-related change in percent-fat es-
timates is due to the greater STSS at the
85th percentile at age 12 than at age 6 (54.8
vs 17.3 mm), and not to inaccuracies in-
troduced by the conversion ofthe STSS to
percent fat in children of different ages.
The age-adjusted, gender- and race-spe-
cific equations used to estimate density
from the STSS in the present study correct
for the age-related change in the skinfold-
to-density relationship in youth.-2 More-
over, the age-adjusted gender-specific
equations used to convert the predicted
densities to percent fat were derived from
a multicomponent body composition
model that accounts for age-related differ-
ences in the water and bone mineral con-
tent of the fat-free body that are associated
with growth and development.21,22

Individual skinfold thicknesses may
be inaccurate indicators of body fatness,
inasmuch as a constant skin-fold thickness
corresponds to a different body density
and percent body fat at different ages22
and in different races.23 In the present
study, with percent body fat calculated
with an age- and race-specific approach,
logistic regression coefficients were all
nonsignificant for race (P > .05), and age
was significant only for BP in males. With
respect to age, statistical control for a con-
stant relative rank of trunkal fat patterning
may have exerted a stronger effect in the
older adolescents than in the younger chil-
dren owing to the pubescence-related in-
crease in the absolute amount of centrally
located body fat.24 '3 Thus, the body fat
standards recommended in this study
(.25% for males, >30% for females) ap-
pear to be generally applicable throughout
the 5- to 18-year-old biracial sample re-
ported herein. However, possible biases
due to subject selection, nonresponse, and
geographic location may limit the gener-
alizability of these standards, and point to
the need for further validation of these
standards in national probability-based
samples.

On the basis of the present findings,
we conclude that fatness levels at or above
25% in males and 30% in females are in-
dicative of increased risk for elevated BP
and lipoprotein ratios in White and Black
children and adolescents. These newbody
fatness standards are applicable not only
to epidemiologic studies of the prevalence
and incidence of obesity in children and
adolescents, but also to pediatric health
screenings and health-related tests of
youth fitness.12'13 Previous studies have

defined childhood obesity with age- and
sex-specific values for triceps skinfold
thickness1 or weight for height32 that cor-
respond to critical positions in a reference
population. The use of norm-referenced
standards to distinguish between obese
and nonobese persons is limited by the
fixation of obesity prevalence to a certain
percentage of a population33 at a particular
point in time and by the considerable vari-
ation in body fatness at a constant percen-
tile of skinfolds orweight for height.7,8 Our
findings support the concept of body fat-
ness standards as significant predictors of
CVD risk factors in children and youth.
Furthermore, this study offers an empiri-
cally determined alternative to current
normative-based definitions of childhood
obesity. Future studies in longitudinal co-
horts that make direct comparisons be-
tween critical percent fat and skinfold
thickness percentile cutoff points are
needed to assess the specificity and sen-
sitivity of the two screening tools. El
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